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ABSTRACT 
Background and Objectives: There have been very few pathophysiologic studies on isolated diastolic dysfunction. 
We hypothesized that the characteristics of isolated diastolic dysfunction would be located, on the clinical con-
tinuum, between those of a normal heart and diastolic heart failure. Subjects and Methods: We enrolled 102 sub-
jects who had no history of overt symptoms of heart failure and who had a left ventricular ejection fraction of 
more than 50%. They were examined for myocardial deformation and rotation using the two-dimensional speckle 
tracking image (2D-STI) technique. Results: The circumferential strains and radial strain at the apical level (RSapex) 
were related to the ratio of the transmitral early peak velocity over the early diastolic mitral annulus velocity (E/E’). 
After adjustment for age, the RSapex showed a positive relationship with the E/E’ ratio; whereas, the circumfer-
ential strains did not. Instead, the circumferential strains demonstrated a significant correlation with age. Basal 
rotation and left ventricular (LV) torsion were also related to age, but had no relationship with the E/E’ ratio. 
However, as the E/E’ ratio value increased, systolic mitral annular velocity decreased. Conclusion: Except for the 
RSapex, LV myocardial deformation and rotation did not vary with the degree of E/E’ ratio elevation when there 
was no associated diastolic heart failure. Additionally, in clinical situations such as isolated diastolic dysfunction, 
the advancement of age has a relatively greater influence on characteristics of LV myocardial deformation and 
rotation rather than on the E/E’ ratio. (Korean Circ J 2009;39:532-537) 
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Introduction 
 
Diastolic dysfunction refers to abnormalities of the 
process encompassing active myocardial relaxation and 
passive ventricular filling, and can often be asymptomat-
ic.
1) Therefore, diastolic dysfunction is more prevalent 
than diastolic heart failure, for which the symptoms are 
indistinguishable from those of systolic heart failure. Pa-
tients who have diastolic dysfunction have an intoler-
ance to certain types of hemodynamic stress such as 
hypertension, which can result in heart failure. Whereas 
many studies have compared the pathophysiology of dia-
stolic heart failure to normal hearts, there have been 
very few pathophysiologic studies comparing diastolic 
dysfunction without overt symptoms of heart failure to 
normal hearts.   
We hypothesized that the characteristics of diastolic 
dysfunction without overt symptoms of heart failure 
would be located, on the clinical continuum, between 
a normal heart and diastolic heart failure. In turn, the 
characteristics could manifest as differences in myocar-
dial deformation and rotation in speckle tracking echo-
cardiography, which has recently been used to quantify 
myocardial deformation in the longitudinal, radial, and 
circumferential directions, and to measure the left ven-
tricular (LV) twist. Therefore, we examined the charac-
teristics of myocardial deformation and rotation in pa-
tients presenting with diastolic dysfunction without any 
overt symptoms of heart failure and compared them to 
characteristics of patients with normal hearts.   
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Subjects and Methods 
 
Subjects 
Participants in an annual health examination program 
were enrolled in the present study. Subjects with a his-
tory of overt symptoms of heart failure or a left ven-
tricular ejection fraction (LVEF) of less than 50% were 
deemed unsuitable for the present study according to 
previously validated diagnostic criteria.
2) Subjects who 
had valvular heart disease, atrial fibrillation, or bundle 
branch block were also excluded. As a result, 102 sub-
jects (47 males and 55 females) were included in our 
study. They were examined for myocardial deformation 
and rotation using the two-dimensional speckle track-
ing imaging (2D-STI) technique after completion of a 
standard echocardiographic study.   
 
Standard echocardiographic study including pulsed-
wave and tissue doppler imaging 
All subjects were scanned with two-dimensional gray-
scale imaging using a GE Vivid 7 ultrasound system to 
acquire the standard parasternal and apical images; these 
were used for measurement of the cardiac dimensions 
and ejection fraction (EF). The LV ejection fraction was 
obtained using a modified biplane Simpson’s method 
from apical two and four chamber views. The LV di-
mension was measured in M-mode. The frame rates 
were 70-110 frames per second. Using pulsed-wave Dop-
pler, the mitral inflow profiles such as the E- and A-
waves, E-deceleration time (DT), isovolemic relaxation 
time (IVRT), and E/A velocity ratio were measured ac-
cording to previously validated and recommended meth-
ods.
3) 
At the mitral annulus on the septal side, tissue Dop-
pler imaging (TDI) was performed with a 1-2 mm sam-
ple volume in the apical 4-chamber view to obtain val-
ues for the systolic (S’) and early diastolic annular mo-
tion (E’). For estimating the evaluation of LV filling 
pressure, the ratio of the transmitral early peak velocity 
over the early diastolic mitral annulus velocity (E/E’ 
ratio) was preferred in the present study. Subjects were 
allocated into three groups according to their E/E’ ratio. 
Subjects were placed in the normal E/E’ ratio group 
when the E/E’ ratio was less than 9, in the elevated E/E’ 
ratio group when it was greater than 15, and in the in-
termediate group when it was between 9 and 15.   
 
Analysis of the myocardial deformation and rota-
tion using two-dimensional speckle tracking image 
Analysis was conducted offline using an EchoPac 
workstation without any clinical information on the 
subjects. Measurement of myocardial deformation was 
performed using 2D-STI. In each of the apical 4-, 2-, 
and long-axis views, global longitudinal strain curves 
were obtained and all myocardial segments were consi-
dered to be regions of interest. Then, the average value 
of the peak systolic longitudinal strain from the three 
apical views was calculated as the global LV longitudinal 
strain (LSG). From each of the three short-axis views, 
the global circumferential strain curves were obtained. 
The average of these global circumferential strains was 
then calculated as the global LV circumferential strain 
(CSG). Radial strain was measured in all 16 segments in 
the three short-axis views, and averaged for the global 
LV radial strain (RSG).  
Additionally, basal and apical cardiac rotations from 
the parasternal short-axis view were measured using 
2D-STI according to the method of a previous study.
4) 
Clockwise rotation was presented as a negative value 
and counterclockwise rotation as a positive value when 
viewed from the apex. The LV torsion (LVtor) was then 
calculated as the difference between the apical and ba-
sal rotation, and the peak LVtor was considered to be 
the maximal difference.   
 
Statistical analysis 
Continuous data are presented as the mean value± 
standard deviation (SD) unless otherwise stated. Com-
parisons of continuous data among the groups were per-
formed using ANOVA with a post hoc analysis. The chi-
square test or fisher’s exact test was used for comparing 
categorical data. Relationships between the continuous 
variables were analyzed using regression analysis, and 
selection of the most powerful factor was performed 
using multivariable analysis {statistical package for social 
science (SPSS) version 12}. A p≤0.05 was used to de-
fine a significant result. 
 
Results 
 
Clinical characteristics 
The mean age of the three groups increased according 
to the grade of the E/E’ ratio from the normal E/E’ 
ratio group to the elevated E/E’ ratio group (Table 1) 
(p=0.001), and there were more males in the normal 
group than in the two other groups (p=0.033). However, 
the body mass index (BMI), heart rate and EF exhibited 
no differences among groups. The prevalence of hyper-
tension and diabetes among the groups showed no dif-
ference.  
The mean values of the LV mass and left atrial di-
mension (LAD) significantly increased according to the 
grade of the E/E’ ratio from the normal group to the 
elevated E/E’ ratio group (p=0.046 and p=0.001, re-
spectively).  
 
Parameters of the transmitral flow velocity and an-
nular velocity 
The mean values of the E- and A-wave velocities 
gradually increased according to the grade of the E/E’    
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ratio as in the above sequence (Table 1) (p=0.000); the 
DT and IVRT exhibited no differences among groups. 
The mean value of the E/A ratio in the normal group, 
which was more than 1.0, was significantly greater than 
that in the two other groups (p=0.026), and the E/A 
ratio gradually decreased with age (r=0.577 and p= 
0.000). 
The mean value of S’ in the normal group was greater 
than that in the two other groups (p=0.041), but S’ was 
not related to age. The mean value of E’ among the 
three groups differed significantly (p=0.000), and E’ 
had a tendency to gradually decrease with age (r=0.69 
and p=0.000). The E/E’ ratio gradually increased with 
age (r=0.36 and p=0.000). 
Table 2. The data of the left ventricular myocardial deformation and rotation among the three groups 
  Normal E/E’ ratio (n=37)  Intermediate (n=47) Elevated E/E’ ratio (n=18)  p
Longitudinal strain (%)       
Global (LSG)  -20.88±3.55  -20.92±3.56  -21.74±3.13 0.668
4-chamber (LS4)  -21.41±5.21  -22.08±4.05  -22.67±3.05 0.594
2-chamber (LS2)  -21.37±3.80  -20.38±4.69  -21.29±4.43 0.548
Long axis (LSL)  -20.08±4.98  -20.29±4.83  -21.29±4.43 0.722
Circumferential strain (%)       
Global (CSG)  -23.59±4.12  -26.13±4.57  -26.38±3.55 0.019
Base (CSbase)  -21.04±5.40  -22.01±4.75  -24.81±5.27 0.047
Mid (CSmid)  -25.29±5.27  -27.92±4.92  -28.67±3.94 0.026
Apex (CSapex)  -24.42±5.86  -28.46±7.67  -25.65±5.51 0.030
Radial strain (%)       
Global (RSG)  0-37.78±10.56  -36.34±9.34  -42.11±8.20 0.115
Base (RSbase)  0-46.14±18.77  --43.84±16.46  --44.74±16.49 0.843
Mid (RSmid)  0-35.69±14.81  --29.56±13.20  --33.79±13.05 0.142
Apex (RSapex)  --29.90±14.13  --35.08±18.40  --47.79±17.00 0.002
LV rotation and torsion (degree)       
Basal rotation  - -8.01±3.96  --8.35±3.48  --8.24±3.64 0.880
Apical rotation  --7.77±3.03  --9.57±4.14  --8.40±2.94 0.072
LV torsion  -15.78±5.71  -17.92±5.01  -16.86±4.67 0.180
E/E’: the ratio of the transmitral early peak velocity over the early diastolic mitral annulus velocity, LV: left ventricle 
 
Table 1. Clinical demographic and standard echocardiographic summary of the three groups according to the values of the E/E’ Ratio
  Normal E/E’ ratio (n=37)  Intermediate (n=47)  Elevated E/E’ ratio (n=18)  p
Age (years)  48±16 56±12 63±12 0.001
Gender (M/F)  22/15  21/26  4/14  0.033
BMI (kg/m
2) 
DM, n (%) 
HTN, n (%) 
23.7±3.20 
1 (2.7%) 
1 (2.7%) 
24.2±3.1 
2 (4.3%) 
1 (2.1%) 
25.1±2.2 
1 (5.6%) 
1 (5.6%) 
0.292
1.000
0.767
QRS duration (ms)  95.1±17.2 90.5±13.5 97.9±18.4 0.178
RR interval (ms)  832±163 807±148 880±136 0.224
EF (%)  65.3±6.10 65.1±4.90 63.1±5.20 0.330
LV mass (g)  154.5±42.30 156.5±45.50 189.6±51.00 0.022
LAD (cm)  03.5±0.40  03.7±0.60  04.1±0.60 0.001
E (cm/s)  69.7±18.9 74.2±16.8 91.1±21.3 0.000
A (cm/s)  64.6±14.2 81.7±17.3 99.3±19.0 0.000
E/A ratio  1.15±0.50 0.95±0.32 0.92±0.18 0.026
DT (ms)  215.2±51.70 212.3±47.80 232.7±47.4 0.320
IVRT (ms)  78.1±12.6 81.3±11.8 81.2±14.4 0.480
S’ (cm/s)  8.92±1.74 8.10±1.44 8.05±1.51 0.041
E’ (cm/s)  9.51±2.92 6.72±1.49 5.00±0.97 0.000
E/E’ ratio  7.5±1.0 11.1±1.60 18.2±2.50 0.000
E/E’: the ratio of the transmitral early peak velocity over the early diastolic mitral annulus velocity, BMI: body mass index, DM: diabetes mellitus, 
HTN: hypertension, RR interval: interval between R-wave and the next R-wave on ECG, EF: ejection fraction, LV: left ventricle, LAD: left atrial 
dimension, E: E-wave velocity, A: A-wave velocity, DT: E-deceleration time, IVRT: isovolemic relaxation time, S’: peak systolic annular velocity, 
E’: peak early diastolic annular velocity 
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Parameters of myocardial deformation and rota-
tion according to the degree of E/E’ ratio elevation 
Mean values of the longitudinal strains, which were 
obtained from the apical 4-chamber view (LS4), 2-cham-
ber view (LS2), long-axis view (LSL), and LSG, showed no 
differences among the three groups (Table 2). However, 
the mean values of the circumferential strains, which 
were obtained from the base level (CSbase), papillary mus-
cle level (CSmid), apical level (CSapex) of the parasternal 
short-axis view, and CSG exhibited significant differ-
ences among the three groups (p=0.047, p=0.026, p= 
0.030, and p=0.019, respectively). The mean values were 
smallest in the normal group, and greatest in the ele-
vated E/E’ ratio group, except for the CSapex case. Fur-
thermore, the CSbase, CSmid, and CSG varied in direct 
proportion to the increment in the E/E’ ratio (r=0.259 
and p=0.011; r=0.247 and p=0.015; r=0.242 and p= 
0.017, respectively).  
The mean values of the radial strain obtained from 
the apical level (RSapex) were significantly different among 
the three groups (p=0.002), and showed a positive rela-
tionship with the E/E’ ratio (r=0.291 and p=0.004). 
However, the mean values of the radial strain obtained 
from the basal level (RSbase) and papillary muscle level 
(RSmid), as well as the RSG, exhibited no statistical dif-
ferences among the three groups. The mean values of 
the basal and apical rotations and LVtor exhibited no 
differences among the three groups.   
 
Adjustment with age 
From the above results, the circumferential strains 
(CSbase, CSmid, and CSG) and RSapex were found to be 
related to the E/E’ ratio. Since advancing age induces 
various physiologic changes in the LV myocardium, it 
is understandable that the above results would vary with 
age. After performing an adjustment for age (Table 3), 
the RSapex still had a positive relationship (Fig. 1) (r= 
0.304 and p=0.003); whereas, the CSbase, CSmid, and 
CSG did not maintain a relationship with the E/E’ ratio. 
Instead, the circumferential strains were significantly 
Table 3. Comparison of the circumferential and radial strain before and after adjustment for age, as well as LV rotation and torsion
Correlation with the E/E’ ratio  Adjustment for age 
 
r  p  95% CI  r  p  95% CI 
Circumferential strain (%)             
Global (CSG) 0.242  0.017  -0.474 - -0.047 0.399 0.195 -0.356 - 0.074
Base (CSbase) 0.259  0.011  -0.581 - -0.078 0.345 0.085 -0.489 - 0.032
Mid (CSmid) 0.247  0.015  -0.550 - -0.060 0.345 0.117 -0.454 - 0.051
Apex (CSapex) 0.087  0.402  -0.492 - -0.199 0.272 0.927 -0.349 - -0.361
Radial strain (%)             
Apex (RSapex) 0.291  0.004  0.404 --2.103 0.304  0.003  -0.488 - 2.290
LV rotation and torsion (degree)             
Basal rotation  0.065  0.515  -0.253 - -0.119 0.305 0.505 -0.119 - 0.239
LV torsion  0.088  0.378  -0.142 --0.371 0.319  0.768  -0.302 - 0.224
After performing an adjustment for age, RSapex still showed a significant correlation with the E/E’ ratio. The r values of the circumferential 
strain, as well as LV rotation and torsion, increased to a greater extent after adjustment for age which suggested that these parameters were 
correlated with age rather than with the E/E’ ratio (details in discussion). CI: confidence interval, Apex: radial strain at the apical level, E/E’: 
the ratio of the transmitral early peak velocity over the early diastolic mitral annulus velocity, LV: left ventricle 
  
Fig. 1. Correlation of radial strain at apex level (RSapex) with the E/E’ ratio (A) and age (B). RSapex had a tendency to increase with increments
in the E/E’ ratio, but not with age. 
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related to age (CSbase: r=0.301 and p=0.003; CSmid: 
r=0.309 and p=0.002; CSG: r=0.380 and p=0.000). 
The basal rotation and LVtor also exhibited a relation-
ship with age (r=0.344 and p=0.000; r=0.318 and p= 
0.001, respectively), but were not related to the E/E’ ratio. 
 
Discussion 
 
Diastolic dysfunction is increasingly recognized in 
daily clinical practice as an important aspect of the 
pathophysiology of heart failure because heart failure 
can be anticipated in spite of the absence of decreased 
left ventricular EF. Diastolic heart failure is often pre-
sumed from the presence of symptomatic heart failure 
with a preserved EF that is over 50%, or alternatively, 
can be inferred from a raised serum brain natriuretic 
peptide with a preserved EF.
5) The prevalence of diastol-
ic heart failure relative to that of systolic heart failure 
increases with advancing age and myocardial hypertro-
phy, and is more common in females.
6) In the present 
study, advancing age, left atrial enlargement, and in-
creased LV mass, as well as a female preponderance, were 
frequently observed in the elevated E/E’ ratio group 
but not in the normal group.   
The hemodynamic characteristics of diastolic dysfunc-
tion are manifested as an elevated tangent (dp/dv) at 
any point on the LV pressure-volume curve during the 
diastolic phase, which is reflected by an increase in the 
pulmonary capillary wedge pressure.
7-9) However, cardiac 
catheterization is limited by its invasiveness, even though 
it is ideal for assessing diastolic dysfunction. It is widely 
accepted that hemodynamic characteristics can be eval-
uated non-invasively by analyzing myocardial tissue mo-
tion and transmitral flow dynamics using Doppler.
10-12) 
In the present study, the E/E’ ratio was used to non-
invasively assess impairment of diastolic function; the 
E/E’ ratio value used in our study was validated in pre-
vious studies, and two cut-off values were applied-less 
than 9 for the normal group and more than 15 for the 
elevated E/E’ ratio group.
13-15) These values had a very 
low and high probability, respectively, for the presence 
of diastolic dysfunction.   
In the study using TDI, Yu et al.
16) reported that there 
was a gradual progression of a systolic abnormality as 
S’ decreased in diastolic heart failure, and to a much 
lesser extent, in isolated diastolic dysfunction. In the 
above study, 52% of the patients with diastolic heart 
failure and 14% of those with isolated diastolic dysfunc-
tion had a reduced longitudinal systolic velocity. In the 
present study, S’ had a tendency to be reduced according 
to the degree of E/E’ ratio elevation; the longitudinal 
strain did not present any differences when the long-
axis systolic function was assessed using 2D-STI. Viner-
eanu et al.
17) reported long-axis systolic dysfunction in 
isolated diastolic dysfunction, in which the mean value 
of the E/E’ ratio in the control was 5.8±1.4, which was 
much lower than the mean value of the E/E’ ratio in 
the present study (7.5±1.0). Therefore, this heteroge-
neity of control values might explain why the longitudi-
nal strain using 2D-STI did not reveal any differences 
with respect to the degree of E/E’ ratio elevation, but S’ 
did show a difference in the present study.   
In a study using 2D-STI, Wang et al.
18) reported that 
the longitudinal strain and radial strain were depressed 
in patients with diastolic heart failure when compared 
to control, but the circumferential strain and LVtor were 
preserved. When the present study was performed in 
patients who had diastolic dysfunction and a preserved 
LVEF but who did not have overt symptoms of heart 
failure, the radial strain at the apical level was found to 
be augmented in the elevated E/E’ ratio group compar-
ed to the normal group. Other values for myocardial 
deformation and rotation did not show any differences 
according to the degree of E/E’ ratio elevation, and the 
circumferential strain had a tendency to increase with 
advancing age as well as with LVtor. Takeuchi et al.
19) 
observed that LVtor was significantly enhanced with 
advancing age in healthy volunteers because the suben-
docardial fibers weakened on counteraction against sub-
epicardial fibers, which resulted in augmentation of LV 
myocardium rotational movement. The major difference 
between the present study and the study of Wang et al.
18) 
was whether there were symptoms of heart failure. There-
fore, we speculate that systolic function of the LV myo-
cardium is relatively well preserved in isolated diastolic 
dysfunction rather than in diastolic heart failure, even 
though the EF seems similar in both. 
Unexpectedly, we found that the radial strain at the 
apical level had a tendency to increase according to the 
E/E’ ratio in the investigated subjects, but other values 
of radial strain did not show any differences. There are 
at least two explanations for this. 1) As a consequence 
of LV remodeling, the apex may be transformed some-
how into a spherical shape, which results from an in-
creased left ventricular end diastolic pressure. In turn, 
this change in apical shape can exaggerate the radial 
strain at the apical level because the myocardium is tran-
sected more tangentially, rather than vertically, by the 
echo beam. Even without considering LV remodeling, 
the closer to the cardiac apex the echo beam approaches 
in the parasternal short-axis view, the more tangentially 
the myocardium is transected. 2) In another explanation, 
which uses the myocardial single band model,
20) the car-
diac apex is a folded point as the descendant segment 
of the LV myocardial band becomes the ascendant seg-
ment, which is more likely to show an exaggerated bulg-
ing and shrinking motion than other parts of the LV 
myocardium. Matsuzaki et al.
21) reported the non-uni-
formity of the thickening of both the inner and outer 
halves of the ventricular wall. Akagawa et al.
22) observed  
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that the inner half of the apical myocardium showed 
the most remarkable changes in wall thickness when 
dobutamine infusion was done or afterload increased. 
Thus, further study is necessary to determine whether 
augmentation of the radial strain at the apical level is a 
unique feature in isolated diastolic dysfunction. 
 
Study limitations 
Cardiac catheterization was not performed in the pre-
sent study to estimate the severity of diastolic dysfunc-
tion because it was judged to be too invasive for sub-
jects who did not have any symptoms of heart failure. 
The exact location of the basal and apical plan varied 
from person to person, which might result in measure-
ment error.   
In conclusion, except for the radial strain at the api-
cal level, there were no differences in the values of LV 
myocardial deformation and rotation according to the 
degree of E/E’ ratio elevation when there was no his-
tory of diastolic heart failure. However, the systolic mit-
ral annular velocity decreased as a function of the se-
verity of diastolic dysfunction. Additionally, in clinical 
situation such as isolated diastolic dysfunction, advanc-
ing age has a relatively greater influence on character-
istics of LV myocardial deformation and rotation rather 
than on the E/E’ ratio. 
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